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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
nickel-based secondary battery having a 
positive electrode with high utilization factor 
of an active material, high energy density, 
high overcharge resistance, and a long life. 
SOLUTION: This secondary battery has the 
positive electrode 100 formed with a material »*«*a<'W-^H) 
101 containing nickel hydroxide particles 
having a specific amorphous phase, and the 
nickel hydroxide particles have a half value 
width in a diffraction peak in (001) planes 
appearing in the vicinity of diffraction angle 2 
0=19° in X-ray diffraction using Cu Karays > 
1.2° and a half value width in a diffraction 
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peak in (101) planes appearing in the vicinity of 20=38° >1.5°. 
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r±, (S»si2 0 5it *i*2 0 4©wffi»c»dt*n 

m?tll^a®tCj:oTfiftm^2 0 4<D>t®^ 
[0 0 2 5] OW«M\ 

45o ^^ft-jov^r^t s*trv^fc*»-ft; 

w£tfST-#, jE«i(7)f£i»K«(OJ54 5iffi^^^«a 

mm&iticm i^xmrn^^m^nm-rtiii. m^(o 
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[0 02 6] m&nm*fiirZ>7kmt=--y>r* , ®*i 

^^*t^^*tfc^ B 3 B i^^-fr5.-»:S- : ?-**L, USA 

^WlHlJfffti^WIWflta^b, &LTlCm-rs c h e r r 
erfflA«oT**!)5rtij:ft?> 0 20 
D fckl = 0. 941/|Jcos8 

D hk , : (hkl) S(cSi£^(^ro|* B B B ^-(0^:# $ (n 
m) 

^ : Xl©M (CuKaS©Sf=0. 154 On 
m) 

0 : HJtff fc*—:? (r a d) 

6 : BVifi C ) 

Siiitt^SSm^ (T EM) ffiSStdfc- 
ttSft^iWroiH^ *M^SH?14I+ (DSC) ffliJ^tCl*5 30 

[0 0 2 7] «ft-7^/K?)^(Co^t, $ibKlf¥ 

M^LTfc^ ±i£ Lfcte^-ffiW (0 0 1) ffiti/f 
l-*tL-CSil^(S]CDE?r N ( l 0 1 ) ffiiiflfc&f&^ft 

[0 0 2 8] Lfc^oT, **WK*5i^Tfflv*s#fiK 
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[oo2 9] ±.m&£kWJ®z^-i-z>7i<.mik--y'r^(vm. 

<b*x5 0 H^ir^-S^Sf-fb-y^/Wfi^tcPS^^tt-S t> 
[0 0 3 0] LH3fi, ^S^-zu^/i'^fflv^r^^a 

mmV\=f-\~ vcn-m*. ttikKitm (mmm »xi 

J: o T f-^*s©£^ 9 aJta* L v ^a- K*iaiffiaJB 

^Tt:H!W>5 0 ^B^o^sff-fbtoSicicr* 

5 ~ 3 0 M mf§S(D;7k&-fb- y tr^mttWM I- 

-r-st. ¥*9*i : f-@{±2 ymeiTicfiTt^ ^w-rn 

AQ;aL^:*&*<OJte^tt»4, toSftj<D'b(Di:f5j(b^'fb^^ 
2 /z m$iffi\zWMlk£tiZ> t . 5K^-W<D«-?-es»1±^i£ 



*KtB*W-f5*»^b=s'^>'H&* (*£-?•) OT^15j*SlT- 
Sli; 0. 2~2 AmK>«iEia^)r**>-5 r b&ift& LV\, 
[0 0 3 1 ] erf, fltfEWttT-afco^TRHi- 

tt^i^w*- ks, mm&m<v 5 0 %« 
v-^n^^mm^y^yit. -^.m^exoxmn^- 

m (SEM) »cj:or«il$ix5lft*>e>a![S56«H;:*«>* 
[0 0 3 2] *5l^»d*j^5^S®*SSr#'f-S7kie'fk= 20 

k Lttt, ffigg=y^-/K Si'ft=s"5 r /K -S"^/U*/W 
3 i k l:J:otgffil;#5i5W^fi Lfc 

[0033] [Tk^ffc^^/uifcH^ <og|«#J&t/jSAp 
Bid J: 9 &ffl-rs-ti$ Lfc*£fiK*lMb=- y ^/uK-*) 

©te^i»«*j*s^r*ix5. mmmmtLxa. &m="< so 



) 2001-3578 45 

20 

^•«5, tf±«fls£-ft, B»*©4 BfitM7 B^tcJISi- 
5lf^Hb^«l, 3 A«»c:Jlil-rsA*^-&* 

* if o ayra»J * Wffl -T S i i: -C # S . ±E3»«»J H: . 

[0 0 3 4] Sfc, -blESs^M, V^f*V*>;fc«B#<08fc 

[0035] mzmmm-^mtiaMte. i^iSfi^f 
mkmm&im*., mumzm^-r^mx'^tni. m 

ItAmtbXtgg, ic »5c 5 £ v " 5 Si* t> fc-5o 
[0 0 3 6] a^m^J<t LT^Jg = ^/U h-ffc-g- 

LfcR©fflKft==^/u N co^^rWffeiJ-rS w k &X 
[0 0 3 7] Yk^«j^ffiSrfflv^r, ±K*AKti 



( 12 

21 

±m^n^mit^y^/^i") com^^mmmx^m 

a\ mm^^^b, mm=>'<^b, ^^nmt^y</^ b 
•rz>z.t&xzz> 0 z (oum- ctott mmmmi±^m 

[0 0 3 8] »«»J^±5««^*ftW*S«^* 

[0039] ±iS<oa*sr#5ct*s-e#. ^.o±ia?s 30 

[0 0 4 0] ±15S§*P?PJ <b \^X(D±MT/^ y ±ffi^JR 

-r^hy^A, t^./u^ r> a_ m/n^^A, yy^A, 
■Wb4fcaif*iMt»*«*Jf fens. ±iajg»j*<0 4 b« 40 

M7 Bi)I^JRi-*3l»AJR{b;-&fti Lttt, 
*«>«ft«at/*BMt«3ft«*lf feix*. _bffiMI^^^3 

*a, ^^^A(o4»*»fe5ttfixS7c*«5*{b*a 
t**iMfcto#*tf fens, ^nt^t^t, -r^h 

y ^A, >f yTVM^A, yfr/Uv'^A, W7/U^!> 

A(D^^^51^5^^^^b^&^7k^fb^^^{-$? 
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Z:<dBM;X i-5Ii%t-fc5c 
[0041] [^«e»«^^5«t««orp]±]*55M^ffl 

^t\cxox±miEm<Dis^n<D^mmm (±iEe»« 

^4ot-t5H]^t: 0 -^cO^»I(4, (0 0 1) S^0. 8 
0 HT> (10 1) Hri s l. 1° KTtfc^o *fc, itu 

*tlcilMHbfc»*tf*>6ri*»*Lv\ £feic, *o 

<, 1 0{&OJtTfc5;i 0#*Lv\, ft, mJ^(7) 

0 0 Mmgj*-cs>* 0 K*SSK*BMfc= 

[0 0 4 2] *fc, fitjfB^^KTK^k^^^/^i^fi, 
L, Iil:btl0-7 0%tfc6o $fet-, rUIS^b^S 

^a. si>v<y i>A<ocp3&»e>»siS4xs^4< 1 1— at 

7c ^ }S* P i r X o T C ft Sr » ffl -r 5 r t & X # 5 o 
[0043] [jE1S(Of^«]*«Mor.iJi:«»tcfflt^5E 



&K&<o&W* (10 2) ^^**i-5*«fe. ^^SuSB 
3Ht»*U IS»»JS:^LTE«««f*: (2 0 4) 

[0 0 4 4] gkmfc ( 1 0 2, 2 0 4) 11, 

««Rtf:-effl»i-S J: fcSVNfi 
fc^ot, C«tt3ft<n<. lolft^iSi: 10 

[0 0 4 5] JtlS»SJ|jb«-roW«i: U-Ttt. ~S"Jr/M» 

Its »jf«(7^^), SfcR. ^^Vh^ «+ 
±iatt»ffllfc LTtt, *°y fc^/WT/l^ 

feifossy^u^^^wre, #y ^wt^y ~-r>^ 

[0 0 4 6] JiJfiLfcJ: 5icLT»*LfcE«li, 

[0 0 4 7] [A«]*^P^cDll0:m«L^fflv^A1li: L 

ifsft LTte, Mm N i 5 ^& (Mm : S yf=i.* ? 
/U) (ON i <D — U&Mn, Al \ S{/Cot*tSlfcp 
Zr-Ti-Ni-V-Cr-Co-Mnl:fti* 
ix5S#&JB^&\ ^^v^A-xi^/l^^ b 50 
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wt, mm7km^m^mmcmmmu^m^xmmi^± 

So 

[0 0 4 8] Sfttr«Sttft^t«««^fttt<OA 
[0 0 4 9] ±RjE«JB 

[0 0 5 0] ±E»«J»**0)*JJti: Lttt, 
SMfctr=/K *?y uy^y /d tvy^^^y 

[0051] [mmnimmn^. -f&matffifeomm 
s&Tk^mMzittcmMmbisX, &kh<d-ks<1'— # 



( 14 

25, 

fl TkmkXVVJ*. fc&UkVT-VJ*. AxfA^Wtit^h 
* MsS * £ fa _b * * 5 r. t ^ -cs & * 8Mb y ^ * a -^Tk 

iMk;* y ^t-6-7mo i / i a*-e*>« 0 #$swk io 
n 7 mo i / 1 srtt*.a*aia<or/^* y ss^^t 

£ t L < , *<£>«£ttfflM: 8 ~ 1 2 m o 1 / 1 T* 

bv\, r<£>«fc ?/j:#y t bTfl ^Uxf uy^-df- 

[0 0 5 2] [ir^u— ?]*»Mir*5V^rttffli"S-fe^ 
u--*fl Affifc^«^JS#SS:B5C«:f'Ji:, m#?f££<£ 

^7y**»iB^e>fts-fe^^— ^w:, tiffin 

JMMbft:7-</WH. xn &JR»fbtt£«^fcbfc«Jlt 40 
a;, ^/^7/^i'^i>5 0 * 
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£a*^#5£^5»«£*bT^5o 
[0 0 5 4] EXTiC, E14 % H5* BI6 Sr#fi8L"C. * 

if. mfiffittHfrbteZo El 4, 111 5. H 6 ^C*5V^ 

401t501t601(t IE«JS4MWBj&»&*5 
IEffi£^ L ; 4 0 2 i:5 0 2 i:6 0 2(t :ftffif£4*«JI 
^6^5AffiSr^L ; 4 0 3 ^ 5 0 3 ^ 6 0 311 -fez* 
ls—i? • S$¥fC£^b ; 4 0 4 ^ 5 0 4 H04(t jE 
ffifi^f (jE«tt*fcttjE«*-YyPO 4 0 5 i 

5 0 5 ^ 6 0 51^ A^ST- (Affi** -/^SfcttAS 
ffi) £r^b ; 6 0 6 H m^^v^^^L ; 506 

n jEns^K^sr^b ; 5 0 7ii jEmmmftz^ 

b ; 5 0 8(1 HE® y — KSr^ b ; 5 0 9 H ^^fS^i 
II^/tL ; 5l0fl A«*m#£r*b ;5ll(l 
&m i J — KSr^b ; 512H0 7H 3c^#£r^b ; 
4 0 6 t5l3H iS^iry hSr^b ; 5 1411 

[0055] [m^^^^^^w^jswsiiikm* 

(n^Vi/i/if (S«) ^bTfi, «*(OjE • ASJB^ds 
S«i^^^^^Sr^*aTV>^4i^, BP*>BI4 5 
•T«»^*5Jt5 4 0 4, 4 0 5, 5 0 4. W5 0 5W 

06^6O6^a^|j:, Ift^^v^y^^f i: It 
fl yu^^f-/^(it)M^^cDMs ^y 

[0056] [&±m*mw<D—ikw t maz > mm<Dft 

JE^ifl5H^±#bfc^poS^*r»i: bT. (5 1 

2. 6 0 7) asflS*b*L-Ci>£o K4#i:ttlt «x. 

[0 0 5 7] [^f^>$r^ h]*38W<©n*tt»Hl*5»t5^f 
^^5/ h (4 0 6, 5 1 3) <D$$ttt Itli, m*-&7 

ymmm. ^yr^ k«hb, ^y *>v?*\smm. &m 

tL5 0 *fc, E! 5 OJteJBttE (5 14) ©WRfcUttt, 
[0 0 5 8] 
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[ 0 0 5 9 J 

immmi] i. je«<o^« 

(1) *IMt=y4r/W»*«>il«l 10 
L<a*Lfttfb, lo?^f^)pH«S:l l«Wl 

^XlftSJfr^W^tTofc^^^, (0 0 1) BS*5«tW 
(10 1) aB©*««tt, -ttU-PttO. 6 3° joctU 1 20 
1.0 1° tfcS:t^oiTc 0 (0 0 1) ffi 

*><fctf (10 1) B^lilW^t^ffitlOffl^??, ±ifi<£> 
S c h e r r e r (DlK&ffl ^T*ttJ b fa CO # £ 
f£> ^ttl^tl 1 3 . 9 nm^oi^l 0. 6nmtofc fl 

TjBJtUfc^tt^Stt, 10. 3/imT'fcofc 0 

(2) jE««-JPK0W« 

±ia (i) -e#e>*tfc**ft-s/-jr/w»*8 6it% 

T\ i 5G<7)Jni8a-ei o#BJ»#*«bfc. Wfettfc 
©^Srlfck + fcriHWft^lRftfaL, ft*Lfc.-3&><L 
T. -tft^/VuhiSf^ y h V *A«r»&ft;bfc# 

T\ ±15 (1) ^*5ftStl^«tCUTffliJ^Lfct 

(ooi) ffi*sj:tf (ioi) ffi(??#fli«tt. 

1.4 3° *>J:r5l. 9 9° T*fcofc 0 Sfc, j^ffsT-^ 
-tix^tte. 1 nm;fc5<fcl55. 3nm"Cfco 
/Co *fc, !F-«a*fc± 0. 9 40 

9 /i m"Cfco/: 0 

(3) 3Ett0)fHK 

JilS (2) TWfeixfc-Kfta^/H-ilWkW y bV 

Lt*/U#^r'>^f^t;l/P- * 0. 5 b 

ilftiUOff^f 1. 5mm, IM4 0 0 g/ 
m\ ?Lil0 0/im, #M9 5%(OM^7^ 

tt^«««, ^PffiLT-t^^flcoff^SrO. 7 5mm(C 50 
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2. ft«(Of^« 

MmN i«»**»I^»*9 9li%t, ~y*n\> 

0. 5a*%*««Ufc«JS«:J0*T^— ^ hSrSBKL 
fco * h£*®f£<b bT<Oj9£ 1 0 0 /z m(D~ 

tier iwnu*ai»bfc. »b*tfc««*4. awEb-c-ta* 

3. m#f^ 

0. 8mo 1 / 1 <0*BMfcy f^-fcSrMTbfc* 10m 

oi/i (Dfrmt* V V atK*«S:«*« t trfflf b 

4. -fe^u— $ 

5. ®?ft(OjB.^SET 

±ib 4 -effl * b fc - t ^ ^ * ±ib 1 1?# e> n fc e« i 

ilft^Mlt »5>*tfc«Ji«e«:*«ffilc}fAb, 
AWc»9W*tfc«|^«rA*telc*SSb, ^y^ntv 

ffi^ty^Sfttfco $<=>fc. ±!5 4T*fflEb^«<» 
I^aALf:!, j&^bftW-CAtttttjEtt^-riy^S:^ 
b«>-c«EflU ^^9/ua;ni»»rnS:«ftSr»*:o * 
*5, r^mftkte. A8i^SSSriEffitcW:-<T^:^ < bfc 

jEm&ai&ffltonmb bfc. 

[0 0 6 0] 

iesws^is : £iktt i <£> i - (i) t?#e>itfc*ifc 

U /v^ /u£ffl^TT/u^>-#IS^T\ 1 5G 

4M£T«*«#1IMHSU ft»Lfc e ^< LtMS* 

/Mft^coi^r, (D ^*5*tstra« 

Ltl^L/c^r^, (001) ffi^J:^ (101) 
ffi^^HMtt, tftfill. 2 2° *5j:tM. 5 4° "C 
fcofc 0 4fc, *SS^*#*Ji, **L«X7. 5nm 

*5«tt^6. 6 nmT^o/Co L If — tfeSLffiiC «t 

S^tt^Stt, 1. 0 7 M m-e&o/c 0 



( 16 ) 
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LtOfSl. 5mm s Sftt|4 0 0 g/m\ ?LS^J 
te, ilP/ELT^co^flctO/PSSrO. 7 5mmi:HlU 
[0 0 6 1 J 

[Jtttffll] SOSWloi- (l) -C#e>*Lfc*iMfc^ 
(2) <DXfl*ffto&a»ofc&*MS* *lfi^!l2 

[0 0 6 2] (]E«*f»(Offffl) HlKMi, 2*sJ:t«t 



30 



10 



V N /cBrunauer— Emme t t — T e 1 1 er 
(BET) JfcfcJ:9WeUfc. *fc, ffi^ 

tit («ffasd^e>A*#s>fi:Kv^tt) 

W-eiftU-C**, lt|i!Wl^IS:l0 0iLfci:l©ffi 
SBrC^Lfco ^(0«£jP:£. itefcsKftfc (0 0 1) Si: 
(10 1) BB^fiBWfeJirmA^-f X, spa&ffi^ffi 
(^r-KH) tfMfi^fct-^l {^tubXTjk-ro 

fc. 
[0 0 6 3] 
ISll] 





mmmi 


3l«W2 


it«{*Jl 




(0 0 1) ffi 


1 . 4 3 


1 . 2 2 


0.6 3 


C ) 


<ioi) m 


1.9 9 


1. 54 


1.0 1 


MM 


(0 0 1) s 


6. 1 


7. 5 


1 3. 9 


(nm> 


(10 1) B 


5. 3 


6. 6 


1 0. 6 


*fl$tt?« (Mm) 


0. 9 9 


1.0 7 


1 0. 3 


H,*>ttWK (g/c c) 


1 . 8 7 


1.8 1 


2.12 


M:SBn (rrf/g) 


2 1. 6 


19.4 


15.3 


(%) 


9 9 


9 8 


1 0 0 



[0 0 6 4 ] * 1 *> XXfm 3 ^*i-»**>5>, *$£W\^ 

^BWttit*-*'** 5 , ^tt^S^JtftWI^Jt^T 1«t 
=■ s> ^^3tt-T-(Ort»J|i|ll7L*a36S«^ Lfc r t £r^(@ It 40 

[0 0 6 5] 



iEffi*mtf>SJ®l : HffiW 1 cd l - (1) -Cft&ttfc; 
VNTT/U^^#H^T. 1 5G^P^ST*1 o#Rfl*Mfc 

MfflKDl- (l) tdiott^irr^^L-caO^Ufci^r 
5, (001) ffi*5 cfctf (101) ffi^*ffi«tt, 
■etti. 3 4° *>it/l. 7 3° -efcofc 0 Sfc. u~ 
If— ftkSSLS^iSVi&tt^att, 1. OUmtko 

/Co 

*g^Ji: lt*;u**i/^f"/ut/vn- ^0. 5fi 

cd-<-^ h^r^m^i: lt(7)f ^ 1 . 5mm, BttttA 
0 0g/m 2 , ?Lgl0 0/zm, &?im9 5%<D&mWl 
= **/U#ft#*«fc3l)E*U 8 0tiail*Rlft*L 
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[0 0 6 6] 

aE««-»owi« : msiw i(o i - (i) x^htitzTkm 

U a&M^— /i'5/i'*fflV*TTyi'=^#ia«T, 15G 

commmxi o^iu»#«!3aLfc D »&ftfc»***** io 

CO 1 - (1) Id*? ft 5 t f*imi~ LT80>£ L/c £ d 5, 
(0 0 1) ffifc J; (10 1) ffio^flSStt, 
1. 4 4° te&Xfil. 9 3° Xlhitc Q if- 

ffSl. 5mm. |#(t4 0 0 g/m 2 , ?Lgl00 M 
m, #?LK 9 5%<7)38fattny4r/u#?LfrSS^* 
U 8 OTC^Tl^BBftJftLfco #fc*Lfc««te, MB 
lsX^<D±fo(Dm£fr 0 . 7 5mmrill, ffife<Djz 

[0 0 6 7] 

[Jfc««2] lE^^f^pM*. J^ToSiCtftof: 30 

jEmtmcDrnm ■ nmm 1 <o 1 - m *Lfc*« 

ft=y^»*8 6li%i:, -^^^b&^i 2 
!!%<!:, IMt-f * h 5 ^A«211%^1, m 

K!T«*«jMft*i«U RfllUfco J&KLT»6iifc» 

*16«l<oi- (1) 1^*5^5 40 
(001) ffi*5j:tf (101) ®<£> 
tMtlO. 74° fcitfl. 09° T'&o 
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fco ^-1f-«affil-J:S 5 F^«[^Stt. 2. 1 

2 ju m-e£>o/c 0 
[0 0 6 8] 

Sr I C P3S*»«fS«-e7c*»«fbfcir^ m^(o 

wm<vm&Ate*mkVQ\z&n Ltcmx 5 fi*%-?£>3 

tf>l- (1) Jd*5^Sfcra«^UTiiSLfcfcr*, 
(0 0 1) Bf*5±l5 (1 0 1 ) ®cO^«*Iti, ^tl-eti 
0. 6 8° fcWl. 07° T*fcofc 0 Sfc, U-if- 

[0069] mm¥fi±(Dmffi) mt&m 1 7^ 4 Rxtit 

2 0°Ctf)*E.gT> a»*»c»L*«*o. 1 

COSt«-C15 0%3l5«U l^COftlhi, ttl* 
0. 2 C<D^«j«-e»Jh«JBE0. 9V*t»tU * & 

l mA<Ot*Jk 5 ? /u* 3 9 M L 

to #CV**t\ 0 CCO^ffi«tT^2 5 0%^tlt 

U 1 «FlW<C»i*Ji:«, Sfc«*0. 2Cc0^mSST^ihm 

m^o. 1 co^swc 1 5 o%Mi, 1 B#Rfl<£>ticjh 

iu s ibid 1 NpmowcjtsrtTofco zcD^commmm 

JfefttJiSU 2 0 0*>f ^/HBiB«^»«**Sr*»fco 
d 9 L T * ^ /c» m ^ it <D ffi £\ 
«"CI»LTe*«*iJffl*«:iiaiLfc. *0>tt*«r* 

$>X^~t 0 
[0 0 7 0] 
[*2] 



( 18 ) mm 2 001-357845 

33 34 





¥»H C ) 


( tr m ^ 


(%) 


200 tm&o 
{%) 


(0 0 1) 

■ 


(10 1) 
■ 


3IJ&0U1 


1.43 


1 . 9 9 


0. 9 9 


110 


10 9 




1 . 2 2 


1.5 4 


1. 0 7 


10 8 


1 0 1 




1. 34 


1.73 


1.01 


1 1 1 


10 8 


%KM4 


1 . 4 4 


1.93 


1 . 0 4 


10 3 


10 4 


itttHl 


0. 6 3 


1.01 


10.3 


10 8 


6 8 




0. 7 4 


1.0 9 


2. 12 


1 0 6 


8 2 


J±IMU3 


0. 6 8 


1 . 0 7 


10. 8 


9 9 


9 2 



[0 0 7 i]l2l:^t»^ *»Wfc*5ttajOS 
fc< ftsffiftSr^i-o ^BMitcDmnt 

&~tfrt>frotc 0 — Jfc««l*5j:t/2 0«»t>ra 

# t>fro tz 0 * mis* as $ *fc 3 (Dmm 

[0 0 7 2] IM'Jl i:]:b^ij3(7)l/{il^o^T, 2 0 
O^m, (K]8(C^i-XHlHl{ff^^- h (Hlfifll) &t>* 

&£Xf99\Zn<1rxMkm9T : f'**-b (ifc««3) 40 

^*»fk=y4r^affiLTV^S(?5^StL, 3SJ60!I 1 CO 

[0 0 7 3] *38WKiJ:*ttf, 



^*Srab*W^»fM"r«fc«>lc:W:, (ooi) ffi*5± 
V (10 1) B5<o*ffl«ds, infill. 2° B±*5J: 
tM. 5° K±i:46*#t#Mftt5i 
<\ ^ixri¥*tt^SdS2/imaTJc:ft5*#^»»«!! 
Si" S r £ K J: o Ti§j&£ tlZ> r frt>frotz 0 
[0 0 7 4] 

JEffiWJN-OfHSS : |£2£#'J 1 (O 1 - ( 1 ) btltzTkm 
it=. y^r/U»*9 7. 5**%£, frmik#A'Zs$M>1t& 
*2. 51i%^ L ^ »»#-/u££fclc»»*« 

5GOjpa*-Ci«p|HI»#*aLfc. W6ixfc»*S:*B 
**fcTjB*tt*ra««U IfcflkUfc. i»<Lt*IMb 

fc. ifcvv-e, r<o»*«rgf^*^BI£K3^/u h€rmft¥L 

s^phi^i i tcwjwuft^fe^Rjb-t' h y 

0rffi&X*-^*oT-*-7>f1f- (XMA) T'teSS^W 
(I CP) *3t^«f3g«"C7c*»WUfcti*. 

(i) id** tfzt mmc isxmfeLtzt oon 

BB*5il/ (10 1) ^ttftil. 2 6° 

*5J:V1. 6 2° -cfcofc. */-c, tP-fkafeteJ: 

S^tt-T-fttt, 1. 15/imT^foo^o 
[0 0 7 5 ] 
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ESTO©«:Il{!iJi(7)i- (i) -cftt>ixfc*S& nfc»*tO!K^KFr®?rXMAT*^^^WLfct r^>, tt 
U «£tf-vu$/u£ffl^TT/Hi>#fflSiT, 5G© titz 0 Sfc, I C P %ftftffimW.r^m'AVr Lfc <t r 

TitS^lfflL, ^Ufc„ L#| a f *S!ik= T-1 2li%f*5; b&frfr^tz 0 £<b{^ 

ml< m.ni,tj:tfb, E.-^tmm(D P nm* i nc io ^icst^u s^lt-c a>< LT#t>^fc^^o^r 

5ifc$:ifotz 0 mbntcB^tiLTmm&xMAT'Ttm (oon B*5<tt>* hod ffiro*««»4, * 

MLfci:5> *S^ L *®S|5{c*/Wv'^ASr— ^A/fc* . 2 7° *3it>*l. 6 5° T*foofc„ U 

ronxvw hft*j«tT/*/u^'J'Afi{±, Tk^-fbifeUc^L [0077] 

fc*re, -t*v-?*i,l 2S*%*jJ:US2S*% £ [3H;5£#I8J *iMfc= y^u»*roW8l!&, KT©*ft 

hi) 9 j*7kmm<t>\cmmi^ m*o&&T* 100 mmmztmm^^x^y^^^mvi^im- 

t-Cl OlftmAlJIMCtiBU *»fcifei*U rt> 20 ftt»S:ffMLfc„ 

< brtf^ttfc^tco^T^JSWlcoi - (1) tc*j **ft=3'^/u»*oW» : SfjgaroffliJns/^Sris 

Ct5tl5]^^LTiliJ^Lfct (0 0 1) ffifc'J:0 iLfc*M7 0li%t:, / =^->-^^®fgtt^JT**> 

( 1 0 1 ) w<D*mm\-t, ttit'tt 1 . 24°is£xf z>tfv 7t-*->=z?-u>'-t9-/u3L— 7^,1.3 om.m%zim 

1.5 6° Tfcofc. *fc, u— !f-*SLffitc:J:5¥J$ ilic L < if # L fc c &^T\ BEflHKsy^vHrSsfU 

[0 0 7 6 i *fcK*L<«*iu *iwt=9'^/u*«fai**fc. w 
sEmunomm •■ mmm 1 <r> 1 - (d -t^t^nfe*®? 30 cox^st?^- h*. n oic/Tti5i-«ftt^n 

fc-7«i9 7. 5lt%h Mft7/K=!>A - KftEifr-'-?* — Vi4t)> jEflfcfcMMffifi*** -5 Z 

SfcSAU jSS7K-/U5/u*fflV^TTyu=^V»H* &M\ 8. 2 9 ju mTfcofc. 

T, 5 G WAoil^T- 1 f$RJ&&ffi3I Lfc, #^tt/c*&^ [0 0 7 8] («»«rtt©|?ffl5) ^Jg^J 5 TbS 8 T-^SS 

Sr^LfczMgifctptcSAU Ji^jjfv— *T?fliE/ELft 2 0 0 ? s^l&m'&nfSMMmmm&Wm U # 

t\ :©t»*t7y^>#iMT, 17 0tSTjlia 40 tt*3ic*i«>r*-r. 

U< BtFEffi» = ^/uh*«!i^Lfc. ISi, K«l^«FI-J: [0 0 7 9] 
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[0081] 

j£m<Dftm : mmm i <n i - (2) -e#^ttfc^ 0 H B w* 

»ft-y^H»*9 0li%t, 1 0 m 

osmkt, *BB*r*«Mt=i^^h-e*fl|Ufc, (0 0 
1) ffijfcjlt/ (10 1) ©O^ffitlri^ -ttt-t*n0. 6 
5° tJiUtl. 0 4° ^fcSttft«*»ft=y4rA«* 
I0fi*%«rfi-&u ^co^^{^ s 3MM&*t<tLT 

<h LT^/U/Jf^f Vt« f;Hr/UD-^ o. 5fi*%^r^^ 

8 0ti:ri«iLfc o *§e>*ifc«s«\ 

[0 0 8 2] 

fiIM1k^i/^H&*(Dl^ 7 011%^ U fitter 
[0 0 8 3] 

[XJfcttl 1] **«9 03E«OfPKtei3V^T % hu1B# 
fit **ft=y^»*^iS: 5 Oll%i L, SufE*g 
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[0 0 8 4] 

[»1 2] *J|||«9<OE«^«li*5V^T, fiulE# 
S«7k^k=5/^«&*o*S:3 Oii%<l: U mJffifcg 
S^Tk^b^^^r/u^^iSr 7 011%^ LfcC^rW 

[0 0 8 5] 

10 [^J60iJl 3] Hlfi«9^)E«<Df^«tc:S3V^T, HulB# 
elSTK^b^^^/^^coft^ 1 om*%^ U mj|5*£ 

[0 0 8 6] 

[Jfc««4l HJEflS|9<DiEffi^8!{tc:*5V^T. ftJlS^el 
[0 0 8 7] (jE«feitJ««»offfflfi) H«W9 7ill 

«*££l4, 4 <D{g£ 1 0 0 <t Lfc i: # 

O^SSi: LT*A6, ItttM 4 coffin l 0 0 t l^tckZ 

30 o*B*-e*Lfc. 

[0 0 8 8] 
[14] 
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10 0 8 9] 314 ^-rte^fabmbfrteX 
mt- -y<r/l'Bm<om&ltmi>i 5 0 : 5 0~30 : 70 

it- y tr^Mmcom&itmtf iss < * 1 1 1. iciST-r 

it-y!r/uffi3i<Dm&)£m&l 0~7 OfiS%<t Lfct 
[ 0 0 9 0 J 50 



^m^ffl^-Sr. tic J; ®ifeSro?E«[^^ies < . 
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[HI l ] *»WO-ft«»^fflv^«I««>-««:*SCtt 

[El 3] *»W©-*«»©aiJac*jSfe|j:j:oT»bix 

[19 4] mS^M^ (^vf) «»<7>-«(Oi*3*MS 
[19 5] ^^>f 9/uARf»»«»(D— «(Ort««JtS:« 

a;«jfc«-ri»i»ffiiaT?*s. 

fB&Bfr®H]T*£>5o 20 
[H7] jHfi«l*5±t5Jttt«3<o«ft<75, i^*>>M&J 

[El 8] HJSWi ^m^^^v^^^ B ^ B Kffl^^i-5*^ 

[IH 9 ] Jfctfcffl 3 *fc*§£«*BMt- -X ^ 

[aio] ^W8(7)m*^ffiv>^^ B 0 s Kte^^-r^* 

K-fk— ty^/u«&*(0, xmmffi^*— hSr*LfcH-Cfc 30 
1 0 0 lEffi 
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1 0 l **«tffiSr*r-r5*«Mb=y4r7^-? 
1 0 2 jfemft 

1 o 3 *»K*IMt= jx^r^ 

i o 4 ^msu 

1 0 5 fetJP^J 

it) 

1 0 7 W«»X»4/atf«tt#J^b4**tM 
10 8 

2 0 0 
2 0 1 
2 0 2 
2 0 3 
2 0 4 
2 0 5 
4 0 1, 
4 0 2, 
4 0 3, 
4 0 4, 



5 0 1, 6 0 1 ]E« 

602 %m 

6 0 3 -fe^U— ^ • MMK 

6 0 4 IEffi«8^- (IE«te4fcttIE« 



5 0 2. 
5 0 3. 
5 0 4, 



4 0 5, 5 0 5. 



6 0 5 ftttaT?- (Am** Vfitt^ 





6 0 6 




5 0 6 




5 0 7 




5 0 8 


jE« V - K 


5 0 9 




5 10 




5 1 1 




5 12, 


6 0 7 


4 0 6, 


5 13 JfXfry h 


5 14 





[H2] 



[H3] 



202 £,§IB<D*Ilrtt-<y >r;i/tt? 

/203 bsbw 
201 #.saffl**fTa 




200 M 



(001) 



10 




20 JO 40 

20 (' ) 



50 



204 



( 22 ) 



001-357845 
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[12 1 01 



(001) 



(101) 




[3&«jE*] 

IffitUBl ¥/£l 2^8^ 2 4 0 (2 0 0 0. 8. 2 
4) 

[ffijE^jS] kje 

[*tjErt#l 

[^PFtf*0$5{Sl 

[W*5i ] *J>fc< iilElS, Atf* -tr^u—^, St/ 
Jitt, CuKaSr*|j[ii:-rsXJtftig»f^*5»tS(sItffA2 

0=19° #5fi^ffl^"f« (0 0 1) ®C7)[p]$Fft o -^C0 
3M»g^l. 2° JHJt-C*>9, Io2 0 - 3 8° WJfiJ^ 
(10 1) ®<7)[I]^e-^<D^ffi(|jI^ i . 5° 

[8**5 2 1 ffiriB**«ffl**^5*»{k-y^^S: 
^tt, x»ni»f(Ojie*^&||[m*tt* (ooi) exu? 
(10 1) Bfc^LT^B:^f^cD^0 B B ^-^^:^ ^ 

0. 2-2 /imcO^IlgrtT'fc^^^^^m^-r^ff*^ 

i (cte^cozi^mMo 

[1**54] fltflE*aWffiSr*-r57k»ft^y4r/KOtt 

t5rt «r«F»i:-rsSI*5 1 ^E«0"*«tt. 
[1**55] miBS»XJ4/&W* K ^ ^o^S 

i: t 1-51**5 4 (cisftco - ixmmo 
«»j«r*^*-5 r i £^m<t 1-5111*5 i ke*<0 - * 

[§it*5 7] B9ffi*«#Jtt, AJH=i/</uhXfi/&V= 



*Sr«^"T LSSitT* 5-20 %cO|5 
it'i>5r i S:»«£-r51**5 7 KE*<£>-#:«»o 
[W*5 9] mE*«3Wt LT<0«fEA«=»^/^hAW 

fg*5 7 KlE«£c0ZU!fctt«i o 

[111**1 o] mmmmmn. mmskwm&m-tzfr 

v > 5 . fc 5 v > tt*uE*IMfc;~ 2/ ^r/WS^ fc m&it L T 
V^^^: <t 1~5Itl*5 6 7!;^ 9 ©V>fn^liIS* 

[11*51 l] ffiE = ^/u Mfr&ttttu — B^k^'^ 

t-a-CfcS £ t S:«F»t-rSBI*3S 7 ke«w> 
[1**5 1 2 ] bseta-* y # y ^ h y 

Ii»*5l 3] MEIEi^iS«Mt:iAtfitttttt, 
tf±«ffc;^4fe* iil^g<7)4 B^7!;3i7 B^{^JS1-^M^ 

[f**5l 4 I HuE^JPSJ^^fif*, miE:iE«tf>ffi4ft 

It?*>5ri:««[tt5BI*ai 3 1-ieScOZl^m^o 
[1**41 5 1 mEassnwtt, **Kffl«r«r-#-S-fc*: 

4**i:-rs»*«l 3^E«^-ft«» 0 
[J»*fll 6] *9ESRiP#Jtt, *uE**«tB 

V^5, *>5VM**«E*iMb=- 5> ir^Ottf ^H^ttT 
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[fS**l 7] MBTyw* » ±«A*ffrfr*tt. 

®<ti-5ts**i 3Ks*<&-»:«jtoo 
[is** i 8 ] itsiE*±»k^*tt, -r 5/ h y * a, * 

lis** i9] mmmmm<D4 bkm7 BKe^M-r-s 

£r i£#m<t"?-<5§S**l 3 (cEt^-ftlto 

5«*f 1 3tC|5«co-^m?feo 
[IS** 2 1 ] BtrlBJSJP»Jl4. -Y y h y 

* 1 3 (Cf£!K<D - ftift 0 

[iS**2 2] 8uEE«(oe*Sf«tt, BtfE*S«ffl 
Sr^-r^Tk^fc^^^/^fe^ir, C u K a S:*liH -f 

5xj»iii*fic:*3it4i5ijfA2 e = i 9° Wifii^mm-*"* 

(ooi) &<Dmtfr ^oMMBWaso. 8° ftTtfo 

«9 , fio 2 0 = 38° #3fitCtH§E-r3 (101) ®<D[h] 
» tf- 1. 1° Hm^, ^ b b 0 KtK^ 

£#m<ti-sw** i tzmm<D-&mm 0 
[is** 2 3] mm&MtmTkmik-v^swn^te, 

£ £4$m<b-f 6!S**2 2 fc:E«<OZHfc«fi 0 

fiftitTM 0-7 0%o$5Ei"r*>5CtS:«pfRti"S» 
**2 2|cEtt<0-?fc«». 
[f»**2 5] «HE«*K*»ft=^4r/P^«[-?-r4, S 

«rW»£-t-5»#*2 2KE*oznfc«a& 0 

[fS**2 6] Bfi3SiE«(0*ffi«ctt, =jy^r/UXtt=y 



mt1-%m$:m 1 7!/3E2 5 0V^i^h,jWcE*©~*« 
[sS**2 7] ttGjEi^it^d. =y^Xtt=y 

tSr«*4:-t-5l»#qi 1 M2 5 co 
[IS**2 8] fl(rlBiEffi(De4fcK«S:«|j«-t-Sfl-»tt, 

If** 2 7 KEtttf) ~ #:S?fc 0 

[is**.2 9] met^* y m^ffifi, £*>7k^ 
y ^Afir$tf***R-e*>5r ££#m£i-£fS** 
i 7^ 2 8 <D\,^-rtifr\ZBzm<D -ykmmo 

[IS**3 0] H&EzkKffc^y !>A*:*tf**»ott* 

y 9 A(75*£t« % 8-1 2mo l/lW«i-efc 
5 r <h $r^m<*:-r5IS**2 9 (^IE«cO-^«&o 

[IS**3 i] ffirB7kKft*y *A£^tf*i§«ra:, m 
1-£!S**2 9^fe«c^-^m* 0 

[fS**3 2] 4>ft< ifcjEffi* AS. t^u- ^ s S 
T, KKiS^SH*. WEjESoWEffiftRJiSr, 

ncuKa sr^as^-rs xm\E]ffi\ziortz>[B]ifTm 2 0 

= 19° MCffiSf^) (0 0 1) i^HItff t°->><7)^ 
2° ^_hT*fo<9. 1020 = 38° frfiSJCttJ 
91^6 (10 1) ffi<£0^fc^*<7)¥ffi*ia s 1 . 5° J£A 

4 BJS75S7B»CjRi-SW4JR«>ft-fr4fc, XVJSffl 
^(D 3 AJ!ll:lt54lOft*»^?)45»^e>»R$ 

[1*13 4] ffTlEifa^aSr, &W) 
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**3 2 H|5«^"»:®?te^iiag^ffio 
11***3 6 J Wl&~<ytrMl&mb IT, ffitt~y4r 

** 3 5 ^l5«^-»C«»^«^feo 

[§t**3 8] fuiS^ 0 e B Wffi*^"t-5*^k:^^^^^ 

[flf**3 9] **^fc=y^^»*4:ffilS*«»JXW:/ 
atJWE*JPffl«:««Wli:a*"*-6r iKi<fc9, Buffi* 

XSS:3E^«-rs«*«3 2 fcE*t*>X ftltt^Ha^ 

[li**4 i] Bufe^ 0 B B Kffi^^"r^*^t:^^^/i-^ 
sit\ wixic^y^^, thy xt/Df^A^p) 

/^hft-&*"C««i"*XSS:1E{c*i-SBI**3 2 f£E 
[!ll**4 2] miB = ^/v Mfc^*^««LT#fc*ifc 

«»u »»^#ffiT^anl»«i3ai-5xa«:3E»c*i-« 
1***4 i fcE«<oxfc«»<BSi6:frffi 0 

[1***4 4] ffiE = 'Vu h***t*««*«;W, K = 

tt£*L<5'>*< £ t>— ffi^«^*<ojfi£^*i-5»* 
*4 l KE«^xft«?ft0>S«£;6fffi o 



[«*54 5] ffiJE^SKfflSr^i-S*^^^^^ 
3^^hft**-C««i-6Xa*:K»C#t-*l»**3 2 

g»L, lfc*o»ffiTt»»»«a-r«xa«:3E^*"t-6 
1***4 5 fcE«OXR*ao»JS^r*. 

[1***4 7] IWBa/^Ht*, ffl» = ^ht*>a 
1***4 5^E«<0-?fe«« 1 (Dat3t^jSfe 0 

[fft**4 8] IWEIE«i<Dg*HJi«r»rilir6xa»cis 

E*«»JXt/fltrE8SaP»JlcJPx.T. CuKa«iit 

ax»iei»rKaoit5iHiwft2 0 = 1 9 c M-iSKaa-t"* . 

(0 0 1) ®0[H]tfrt 0 — ^<7)3MOTI^O. 8° £iT"C*> 
«9, Io2 0 = 3 8° ttiffiCttiSH-S (10 1) ffiOEI 

=.y4r/u^tt^F-S:ttffli-5»l*JK3 2 i:E*OI 

[91*394 9] mJE^ H B B«7K^l:^^^/i-^^ii> & 

±-efc£f***4 8 IdEilO— Jfc«»<Oj!S3fi*teo 

XS*3!^-rsB|**4 8 t^E«^Xft«»o«Jt* 

[1***5 i] ttjK^0 B 0 K*^k^^^^^^T-o^ 
ssr, jitrEjE«oe*ftJio«ri»#3i*<D^a«^»ua* 

it-C 10-7 0%co$5iai-r5ft*«4 8iClE«03 
[1***5 2] BuE*g*K*^b^^4r/^«[^fi. 3E 

4 8 CEtO- ?k*?fe^S!3t*"feo 
[f***5 3] MGSIf Lt =«^/U hft^»t«ffl 

[1***5 4 ] fiuE**o»ji: irr/i/* y ±a&JR<t-& 
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is*55 5] mmmmmt \^x%r±mik&vo&®.m 

e>aKRS;ft44>ft< £ fc— «<0ffr&*-Cfc3W#3S3 2 
fcE*to-*«»o«Btt2FS 0 
[If^5 7] SufS^iP^J<b LT^)^*C7)3 A^iC^-T 

[W*«5 8] fuEfeWPJct It, -Y y Y V 4 y 

£;tx5'>ft< 1 1>— a^b^»Srttffl-rSBI*3K3 2(c 

E*^-&«»0>aiac*ifc Q 

Kfb-^/ucojK^ B91Eat«»Jitfi!trE»JP»JSrffl'& 

fcxit&mmmxffitfL $ n*:*** ui^*-*-* r. <t k <t 

DfTft5»#*3 2X(i4 8 KE*<orft«*<OfiBg;fr 

So 

* hJrffll, m^<-x h&mUMnttk LX<D-yfr 
/UXte-yfr/i-* y^Lrfz&mfrbte&^l/J-^Jf* 9 

■frS-tia 9fTft5«l#*3 2Xfi4 8lciSt0rft 

[W*«6 l ] SuE-<-^ hid, LT, 

[«*S6 2] WEtt»ffli:UT, ^/i/t;up-^, 



[l»^6 3] T^yitt^LT, '>ft<£fczk» 

mo 1 / 1 ^«6BT*fc^*^$rfflV>5lf*«3 2 7!/^ 
6 2I^E«ozi»:«»o»iS^ffi 0 
[HM6 4] ttE*»ft*y »A«r-&tf*»*W:, * 

[1*56 5] mJEIE^ ±'*i'*-*2tXfT/i>#- 

vmmm&m^x-fcn t m&mf&i,-tz&^ mejeikd* 

^±*«i-**>r^/uSr, *ft< £fc— BfiUifTSrJ: 
[f^i]E2] 

[*jEj*ft3SB*] 0 0 4 4 

[0 0 4 4 ] ^mf£ (1 0 2, 2 0 4) f3\ *tt«fl*<0 

feasor, Kft«#tt. s.o«jtes/cj- 
^ett4«-JH--e«riErs<o*ia*Lv\ ^?Lfe^®{$ 

x A- V \z. * y =*ft if <£>^ffir~ * ^/Uft if <£>&JRJg|r« 
8LT»fe*tS*SttAJR#7L*, -^/I'ft if co&JR 

=- s> ^ / u *> 5 f 4 = 5/ ^ / 1- * y * ^ U fc & m ti *h ft 3 ✓ ^ > 
^■V^^ ^yu^dr^^v K^< ^/u, ^M?gfti:^^ffl 

[^R4IjE3] 

[«3E»«3gB*] 0 0 5 9 

[*jErt*i 

[0 0 5 9] 

[^ffi^J 1 ] 1 . IE«<Of^l! 

(i) *^b=^^/na*<©mj! 

L<ffiE«2Lftd5fe x IoKS«©pHttS:l li:»L 
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fti*l»<fc^-s^!r^»*i;:ov^T, C u <£>K a SrJRKfc-*- 
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